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1 $)$ ATP ATP
2 $)$ ATP IP3
3 $)$ $IP_{3},$ $Ca^{2+}$ Gap-Junction
4 $)$ $Ca^{2+}$ ATP
:




$Ca^{2+}$ $1.0\cross 10^{-3}M$ $Ca^{2+}$
:
$\{\begin{array}{l}\frac{\partial A}{\partial t} = d_{A}\triangle A-G(A)+\sum_{i=1}^{N}I(c_{i}, x_{i}),\frac{dP_{i}}{dt} = \sum_{j\neq i}^{N}d_{P}(i,j, P)(P_{j}-P_{i})+H(A(t, x_{i}))-J(P_{i}),\frac{dc_{i}}{dt} = \sum_{j\neq i}^{N}d_{c}(i,j, l)(c_{j}-c_{i})+F_{u}(P_{i}, c_{i}, h_{i}),\frac{dh_{i}}{dt} = \frac{1}{\tau_{h0}}F_{h}(c_{i}, h_{i}).\end{array}$ (2.1)
IP3 3 1 IP3
2 $Ca^{2+}$ 1.
:
$\ovalbox{\tt\small REJECT}(P, c, h)=K_{F}(\mu_{0}+\frac{\mu_{1}P}{k_{\mu}+P})(B+\frac{(1-B)c}{K_{1}+c})h-\frac{\gamma c}{K_{\gamma}+c}+\beta$ ,
$F_{h}(c, h)= \frac{K_{2}^{2}}{K_{2}^{2}+c^{2}}-h$ , $G(A)= \frac{K_{aa}A^{m_{a3}}}{G_{0}^{m_{a_{4}}}+A^{m_{a_{4}}}}$ ,
$H(A)= \frac{K_{pa}A^{m_{a_{1}}}}{H_{0}^{m_{a_{2}}}+A^{m_{a}}2}$ , $J(P)= \frac{K_{pp}P^{m_{P1}}}{J_{0}^{m_{\mathcal{P}2}}+P^{m_{p_{2}}}}$ ,
$d_{P}(i,j, L)= \frac{d_{P}}{||x_{i}-x_{j}||^{2}}\chi_{0}(x_{i}, x_{j};2L)$ , $d_{c}(i,j, L)= \frac{d_{c}}{||x_{i}-x_{j}||^{2}}\chi_{0}(x_{i}, x_{j};2L)$ ,
$I(c, x_{i})=\{\begin{array}{ll}\frac{K_{ac}(c-\overline{c})^{m_{c_{1}}}}{I_{0}^{m_{c_{2}}}+(c-\overline{c})^{m_{c}}2}\chi_{\delta}(x, x_{i}, r), c\geq\overline{c},0, c<\overline{c}.\end{array}$
$\chi_{\delta}(x, y;r)=\frac{1}{2}(1+\tanh(\frac{r-||x-y||}{\delta}))$ ,
$\chi_{0}(x, y;r)=\{\begin{array}{l}1, ||x-y||\leq r,0, ||x-y||>r\end{array}$
: $c_{i}(t)$ $Ca^{2+}$ $P_{i}(t)$
$IP_{3}$ $A(t, x)$ ATP $h_{i}(t)$ $IP_{3}$
$Ca^{2+}$ $r$ $\gamma$





$u_{i}= \frac{q}{K_{1}},p_{i}=\frac{P_{i}}{K_{\mu}},$ $a= \frac{A}{H_{0}},$ $y= \frac{1}{r}x,$ $t_{1}= \frac{K_{1}}{K_{F}\mu_{0}B},$ $\tau=\frac{t}{t_{1}}$
(2.1) $F$
$\{\begin{array}{ll}\frac{\partial a}{\partial\tau} = d_{a}\Delta a-g(a)+\sum_{i=1}^{N}i(u_{i}),\frac{dp_{i}}{d\tau} = \sum_{j\neq i}^{N}d_{p}(i,j, P)(p_{j}-p_{i})+h(a(t, x_{i}))-j(p_{i}),\frac{du_{i}}{d\tau} = \sum_{j\neq i}^{N}d_{u}(i,j, \ell)(u_{j}-u_{i})+f_{u}(p_{i}, u_{i}, h_{i}),\frac{dh_{i}}{d\tau} = \frac{1}{\tau_{h}}f_{h}(u_{i}, h_{i})\end{array}$ (2.2)
$f_{u}(p_{)}u, h)=(1+ \frac{\mu p}{1+p})(1+\frac{bu}{1+u})h-\frac{\gamma_{1}u}{k_{1}+u}+\beta_{1}$ ,
$f_{h}(u, h)= \frac{k_{2}^{2}}{k_{2}^{2}+u^{2}}-h$ , $g(a)= \frac{k_{aa}a^{m_{a_{3}}}}{g_{0}^{m_{a_{4}}}+a^{m_{a_{4}}}}$,
$h(a)= \frac{k_{pa}a^{m_{a_{1}}}}{1+a^{m_{a_{2}}}}$ , $j(p)= \frac{k_{pp}p^{m_{p_{1}}}}{j_{0}^{m_{\mathcal{P}2}}+p^{m_{p2}}}$ ,
$i(u, y_{i})=\{\begin{array}{ll}\frac{k_{ac}(u-\overline{u})^{m_{r_{1}}}}{i_{0}^{m_{c_{2}}}+(u-\overline{u})^{m_{c}}2}\chi_{\delta}(y,y_{i}, 1), u\geq\overline{u},0, u<\overline{u},\end{array}$
$d_{p}(i,j, \ell)=\frac{d_{p}}{||y_{i}-y_{j}||^{2}}\chi_{0}(y_{i},y_{j};2\ell)$ ,
$d_{w}(i,j, \ell)=\frac{d_{u}}{||y_{i}-y_{j}||^{2}}\chi_{0}(y_{i}, y_{j};2\ell)$
$d_{a}= \frac{t_{1}d_{A}}{r^{2}},$ $d_{p}= \frac{t_{1}d_{P}}{r^{2}},$ $d_{u}= \frac{t_{1}d_{c}}{r^{2}}$ ,
$\overline{u}=\frac{\overline{c}}{K_{1}},$ $\mu=\frac{\mu_{1}}{\mu_{0}},$
$b= \frac{1-B}{B},$
$\gamma_{1}=\frac{\gamma}{K_{F}\mu_{0}B},$ $k_{1}= \frac{K_{\gamma}}{K_{1}},$ $\beta_{1}=\frac{\beta}{K_{F}\mu_{0}B}$ ,
$k_{2}= \frac{K_{2}}{K_{1}})k_{aa}=t_{1}H_{0}^{m_{a_{3}}-m_{a_{4}}-1},$ $k_{ac}= \frac{t_{1}K_{ac}K_{1_{-}}^{m_{c_{1^{-m_{c}}2}}}}{H_{0}},$ $k_{pa}= \frac{t_{1}K_{pa}}{K_{\mu}}H_{0}^{m_{a_{1}}-m_{a_{2}}}$ ,
$g_{0}=-$$k_{pp}=t_{1}K_{pp}K_{\mu}^{m_{p_{1}}-m_{p_{2}}-1}$ $H_{0}G_{0},$ $i_{0}= \frac{I_{0}}{K_{1}},j_{0}=\frac{J_{0}}{K_{\mu}},$ $\ell=\frac{L}{r},$ $\tau_{h}=\frac{\tau_{h0}}{t_{1}}$ .
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2.2 Gap-Junction
Ci $C_{j}$ Gap-Junction(GJ) GJ $w_{ij}(t;u_{i}, u_{j})$
$w_{ij}arrow 1$ Ci $C_{j}$ GJ $w_{ij}arrow 0$
$C_{i}$ $C_{j}$ GJ GJ $Ca^{2+}$
GJ :
$\frac{dw_{ij}}{dt}=1.0-w_{ij}+\frac{1}{2}(-1.0+\tanh(\frac{w_{d}-|u_{i}-u_{j}|}{\epsilon_{w2}}))$ . (2.3)
$w_{d}=0.1,$ $\epsilon_{w2}=0.1$ GJ IP3 $Ca^{2+}$






$Ca^{2+}$ GJ $IP_{3}$ GJ



























(2) $S_{s}<S_{k}<S_{c}$ (3) $S_{c}>S_{k}$
ATP kp :
$k_{pa}(S_{k})=k_{g}+ \frac{k_{s}-k_{g}}{2}(1+\tanh(\frac{S_{s}-S_{k}}{\delta_{k}}))$ . (4.1)















(2.2) Gap-Junction GJ $I_{n}$
:
$In$ $(S_{k})= \frac{1}{2}(1+\tanh(\frac{S_{k}-S_{s}}{\delta_{I}}))$ . (4.2)
$I_{n}$





$\tau_{s}$ $\tau_{h}$ $\tau_{g}$ $\tau_{h}$ (
4.1 $(c))$ .
(a) ATP (b) GJ (c)






$\{\begin{array}{ll}\frac{\partial a}{\partial\tau} = d_{a}\Delta a-g(a)+\sum_{i=1}^{N}i(u_{i}),\frac{dp_{i}}{d\tau} = \sum_{j\neq i}^{N}d_{p}(i,j, \ell, S_{k_{i}})(pj-p_{i})+h(a(t, x_{i}), S_{k_{i}})-j(p_{i}),\frac{du_{i}}{d\tau} = \sum_{j\neq i}^{N}\prime d_{u}(i,j, \ell, S_{k_{i}})(u_{j}-u_{i})+f_{u}(p_{i}, u_{i}, h_{i}),\frac{dh_{i}}{d\tau} = \frac{1}{\tau_{h}(S_{k_{i}})}f_{h}(u_{i}, h_{i}),\frac{dw_{ij}}{dt} = 1.0-w_{ij}+\frac{1}{2}(-1.0+\tanh(\frac{w_{d}-|u_{i}-u_{j}|}{\epsilon_{w2}})).\end{array}$ (4.5)







$F_{B}$ (Ski, $x_{i}$ ) $=k_{0^{\frac{1}{4}}}(1+ \tanh(\frac{S_{k_{i}}-S_{c_{1}}}{\sigma_{1}}))(1+\tanh(\frac{S_{c_{2}}-S_{k_{i}}}{\sigma_{2}}))\chi_{0}(x, x_{i}, r)$
(4.6)
$B(t, x)$ $Ca^{2+}$
$\frac{du_{i}}{d\tau}=\sum_{j\neq i}^{N}d_{u}(t;i,j, p)(u_{j}-u_{i})+f_{u}(p_{i}, u_{i}, h_{i})+\frac{K_{bc}B(t,x_{i})^{m_{b_{1}}}}{H_{b}^{m_{b_{2}}}+B(t,x_{i})^{m_{b_{2}}}}$ (4.7)
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(46) :
$\frac{\partial B}{\partial\tau}=\epsilon_{B}(D_{B}\Delta B-K_{B}B+B_{0}F_{B}(S_{ki}, x_{i}))$ . (4.8)
$\epsilon_{B}$ $S_{c_{1}}<S_{c}\leq S_{c_{2}}$ (4.7) $B=B/B_{0}$
(4.7), (4.8) $Ca^{2+}$
:
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